Purpose: To evaluate the relationship between injection site and pain severity following intravitreal injection of bevacizumab (IVB). Design: Prospective, randomized, four-armed, clinical trial. Methods: The present study was a prospective, randomized, four-armed clinical trial, which included 1004 eyes from 1004 patients. Patients receiving IVB were randomly assigned into four groups: superotemporal (ST); superonasal (SN); inferotemporal (IT); and inferonasal (IN) injections. The visual analog scale (VAS) was used to assess pain. Primary study variables were the relationship between pain severity and injection site, number of previous injections, age, sex, and indication for injection. Secondary variables included best-corrected visual acuity (BCVA) and central macular thickness (CMT) changes 1 month post IVB. Results: Overall mean pain score was 2.86 ± 2.2. Indications for injection were diabetic macular edema (84.1%), neovascular age-related macular degeneration (7.7%), and macular edema secondary to retinal vein occlusion (8.2%). The mean VAS scores in the SN, IN, ST, and IT groups were 1.5 ± 1.7, 3 ± 2.3, 4 ± 2, and 3 ± 2.1, respectively. Pain severity was significantly correlated with injection site (p < 0.001) and sex (p < 0.001); females showed higher pain scores. A negative correlation existed between pain score and number of previous injections (p = 0.03). Pain severity was not associated with age (p = 0.659), lens status (p = 0.478), vitreous reflux (p = 0.648), or indication for injection (p = 0.390). No significant complications were observed. Conclusions: ST quadrant was the most painful and SN quadrant was the least painful sites for IVB. Pain severity score was significantly associated with injection site, number of injections, and sex.
Introduction
Over the last 10 years, intravitreal injection of anti-vascular endothelial growth factor (anti-VEGF) agents has attracted much attention among retina specialists and become one of the most common intraocular procedures [1] . Intravitreal injections are performed in the treatment of a variety of ocular diseases, including neovascular age-related macular degeneration (AMD), diabetic macular edema (DME), and retinal vascular occlusions (RVO) [2] [3] [4] . Bevacizumab and ranibizumab are the most widely used anti-VEGF agents [5, 6] . In the United States, it is estimated that over 100 000 intravitreal injections are performed monthly. This might become the most common intraocular procedure worldwide [7] . There are many techniques for intravitreal injection, and various practices in terms of aseptic technique, anesthetic use, prophylactic antibiotics, post-injection monitoring, and treatment protocols [8] [9] [10] [11] . However, there is little agreement among clinicians regarding acceptable injection techniques [12, 13] .
The best site for intravitreal injection is unclear, and the correlation between injection site and severity of pain is not well understood. Patient distress at the time of injection results in sudden movements of the eye leading to intraocular complications and consequently unpleasant experiences, after which patients are less likely to continue intravitreal injections [14] . As many patients require multiple intravitreal injections, it is essential to minimize pain during the procedure to maximize subsequent compliance.
Pain is a subjective perception with high inter-individual variability that can be measured using several scores, such as the visual analog pain scale and the numeric pain rating scale [14, 15] . To the best of our knowledge, only two studies have investigated pain associated with IVB injection site, and the authors found no statistically significant difference between quadrants [16, 17] . Most studies compared anesthetic methods preceding the injection; however, none have reported a statistically significant difference in overall pain reported by the patients [18, 19] . Tunneled injection has been shown to decrease vitreous reflux and loss of injected drug, but no difference in patient pain has been found between tunneled and straight intravitreal injections [20, 21] . Moreover, it has also been suggested that smaller gauge needles (29-30 G) are associated with reduced pain [20] . Several guidelines have been developed to standardize the procedure, especially in order to reduce the risk of endophthalmitis [22, 23] . However, despite the common use of intravitreal injections, there are no uniform clinical guidelines or consensus on the site or quadrant location used for injection [22] , which varies according to the surgeon's discretion. The aim of this study was to investigate the effect of injection site on pain severity among patients receiving intravitreal injection of bevacizumab (IVB).
Materials and methods
This prospective, randomized, four-armed clinical trial was carried out to evaluate the effect of injection site on the severity of pain associated with IVB. The study was performed in accordance with the tenets of the Declaration of Helsinki and the guidelines of the local ethics committee. This study was registered on clinical trials.gov (identifier, NCT02790775). A written informed consent was obtained from all study patients. We included patients with DME, AMD, and RVO who visited our retina clinic and were candidates for IVB injection. Inclusion criteria included indication for IVB and ability to score and report pain perception. Exclusion criteria included being younger than the age of 18, ocular pain prior to the procedure, history of myocardial infarction or cerebrovascular events in the last 6 months, history of all kinds of anterior segment conditions affecting pain sensation such as herpetic eye disease, dry eye syndrome, limbal stem cell deficiency, uveitis, epithelial basement membrane dystrophy, recurrent corneal erosion, significant contact lens-associated red eye, corneal hydrops associated with keratoconus, iatrogenic and medica mentosa-induced corneal damage, episcleritis, scleritis, angle closure, and bullous keratopathy, history of using systemic analgesic or sedative medications in the last 3 months, history of previous and/or current use of drops that may affect the sensitivity of the eye surface, previous eye surgery other than cataract surgery, keratitis and poor cooperation in the visual analog scale (VAS) usage. To gain a power of 90% to detect 0.5 unit of VAS pain score difference between injection sites, when the type I error was set to be 0.05 and the standard deviation of pain on 0-10 scale was believed to be 1.7 based on previous studies [16, 17] , a minimum sample of 246 eyes was required in each site. To compensate a possible loss of information, we enrolled 251 eyes in each group. Thus, 1004 eyes of 1004 patients were included in this study, and each patient received a referral number from 1 to 1004 based on the order of referral for intravitreal injection. Permuted block randomization with the varied length (4, 8, 12 , and 16) was used to randomize enrolled patients into four groups (superotemporal (ST), superonasal (SN), inferotemporal (IT), and inferonasal (IN)) for receiving IVB.
The injection was performed in one of abovementioned quadrants randomly. The patients were referred for injection by retina specialists between 1 December 2015 and 30 May 2016. Each participant received one injection in one eye. Before enrolling, all patients underwent complete ophthalmic examination. Additional parameters were also recorded, including age, sex, type of disease, number of previous injections in the injected eye, diabetes mellitus (DM), lens status, severity of pain associated with the injection, postinjection reflux, BCVA using Snellen chart and central macular thickness (CMT) using optical coherence tomography. The patients were instructed on using the VAS system prior to the injection, by a nurse who was blind to the study. The patients were then interviewed immediately (within 2 min) after IVB injection to score their perceived pain during the injection on a VAS of 0 (no pain) to 10 (unbearable/worst pain). The same surgeon (SAM) performed all injections. The interviewing nurse was blind to the study, but the injecting physician and the patients could not be masked to the study groups. Nonetheless, injection sites were determined by permuted block randomization based on the referral number of the patients, and the injecting surgeon was not allowed to change the injection site.
Mean pain score was considered as the primary outcome measure. IVB was prepared and administered according to previously reported guidelines [23] . All intravitreal injections were performed aseptically in the supine position. All patients received the same anesthesia [two drops of topical tetracaine HCl 0.5% (TetraVisc; Ocusoft) in the inferior culdu-sac, 1 min apart] 10 min prior to injection. We applied topical tetracaine because the topical tetracaine 0.5% was reportedly as effective as lidocaine 0.5% and provided excellent anesthesia for intravitreal injections [24] . Patients were requested to close their eyes slowly, move the eyes, and avoid squeezing or rubbing, to allow the medicine to be distributed equally over the eye. Anesthetic technique was the same for all participants. No sedation was administered to any patient. The eye and surrounding skin were washed three times with 5% povidone-iodine solution and then dried with sterile gauze. A sterile plastic drape was then used to keep the eyelashes away from the ocular surface. A sterile speculum was applied to make sure the eyelids remained open. Povidone-iodine (5%) was again applied to the conjunctiva over the injection site. The entry site of the needle was 3.5 mm from the limbus in aphakic/pseudophakic patients and 4.0 mm in phakic patients. All patients received 1.25 mg of bevacizumab in 0.05 mL intravitreally. All injections were performed using straight injection technique with a 30-gauge needle. Mild pressure was exerted with a swab stick over the injection site to reduce vitreous reflux and prevent subconjunctival hemorrhage. Vitreous reflux was checked in all groups by measuring the width of the broadest conjunctival elevation of the subconjunctival bleb with a surgical caliper described by Rodrigues et al. [25] . Then, a drop of antibiotic was applied to the inferior cul-du-sac.
Statistical analyses
Demographics and patient characteristics were compared using descriptive statistics and univariate analysis as appropriate. To compare the quantitative variables between injection sites, we used analyses of variance (ANOVAs), and to compare between particular groups, we used independent t-tests. To compare nominal variables between injection sites we used chi-square tests. Pearson correlation was used to evaluate the relationship between quantitative variables and pain. Spearman correlation was used to evaluate the relationship between ordinal variables and pain. We used paired-sample t-tests to evaluate changes within groups. Effective factors on pain severity were evaluated using simple linear regression analysis. When a variable had a p-value < 0.2 it was included into a general linear regression. Concerning the issue of multicollinearity, when two or more explanatory variables were highly correlated, a variable with the smallest partial correlation coefficient controlling for the highly correlated variables was removed from the set of explanatory variables to be entered in the regression analysis, and variables were recalculated. For comparison between quadrants, Bonferroni correction was applied to account for multiple comparisons. A p-value < 0.05 was considered statistically significant. Data were analyzed using SPSS for Windows, version 24.0 (SPSS Inc., Chicago, IL, USA).
Results
This study included 1004 eyes of 1004 patients with the mean age of 61.3 ± 10.4 years (ranging from 19 to 90). Patients' demographics and statistics are summarized in Table 1 . There were 488 men (48.6%) and 516 women (51.4%). Seven hundred and thirty (78.5%) patients were phakic at the time of the intravitreal injection, 193 (20.8%) were pseudophakic, and 7 (0.8%) were aphakic. The indications for bevacizumab injection were DME (84.1%), AMD (7.7%), and RVO (8.2%). Our clinic is a referral center for diabetic patients, thus the majority of our cases were diabetic.
Two hundred and twenty-seven patients (23%) were naive cases being injected for the first time. The overall mean pain score for all groups was 2.9 ± 2.2. The VAS pain scores in the SN, IN, ST, and IT groups were 1.5 ± 1.7, 3 ± 2.3, 4 ± 2, and 3 ± 2.1, respectively. Analysis of pain scores from each site revealed a significant difference in the mean VAS pain scores between groups (p < 0.001, ANOVA). In this analysis, the injection in the SN quadrant was significantly less painful than in other quadrants (Table 2 and Fig. 1 ) and patients who were injected in the ST quadrant experienced more pain than other patients (p < 0.001).
The amount of vitreous reflux was mild in 203 injections (22.7%), moderate in 9 injections (1.0%), and absent in 684 injections (76.3%) ( Table 1 ). There was no correlation between VAS pain score and amount of vitreous reflux (p = 0.648) on the multivariate logistic regression analysis based on general linear regression ( Table 3) .
The difference in the pain scores was not statistically significant between any indications for injection; DME, AMD, and RVO patients (p = 0.390). Moreover, with respect to diabetic and non-diabetic patients (AMD + RVO cases), there was no statistically significant difference in pain scores between the two groups (p = 0.604).
There was no statistically significant correlation between patient age and VAS score (p = 0.659). To find any correlation between patients age and injection pain based on previous studies [26] , the patients were divided into two age groups: >65 and ≤65 years old. No correlation was found between pain scores and age categories (p = 0.659).
A statistically significant correlation was found between patient sex and VAS score (p < 0.001).
We found no statistically significant correlation between pain scores of aphakic, phakic and pseudophakic eyes (p = 0.478, ANOVA).
As shown in Table 3 , we used general linear model to evaluate the simultaneous relation between the mean VAS pain scores and variables, including injection quadrant, sex, age, indication for injection (diagnosis), history of previous injections, and the number of previous injections. Those variables with a p-value < 0.2 in univariate analysis were included in multivariate analysis. According to Table 3 , the injection site (p < 0.001), sex (p < 0.001), and the number of previous injections (p = 0.034) significantly influenced the VAS pain scores. We found a negative correlation between pain score and the number of previous injections (p = 0.034, Pearson correlation coefficient r = −0.067). Perceived pain was decreased by increasing number of previous injections (Table 3) ; this remained statistically significant even after adjusting for other variables in multivariate analysis. Furthermore, changes in CMT (p = 0.445, ANOVA) were comparable between study groups (Table 2 ). There were no cases of endophthalmitis, retinal break, retinal detachment, lens damage, severe vision loss, or other serious complications in this study.
Discussion
Intravitreal injection may become the most common intraocular procedure worldwide in the near future. Therefore, understanding the pain associated with this procedure is important to promote patient comfort and compliance. Our results indicate that the SN quadrant was associated with the least amount of pain during IVB injection.
To the best of our knowledge, the present study is the largest evaluating the severity of pain associated with intravitreal injection. In this study, we used the VAS, which has been widely used in ophthalmologic research [14, 16] . It was previously validated by trials studying severe postoperative pain and can be easily managed by patients and health-care providers [27, 28] . Those studies that have been performed to evaluate pain scores during intravitreal injection have presented contradictory results.
Several factors have been reported to be associated with pain during intravitreal injections, such as anxiety [29] , sex, number of previous injections, age [30] , ketorolac eye drops [26] , needle size [20] , and anesthetic technique [31] .
Moisseiev et al. [16] evaluated the correlation between pain associated with IVB injection and injection site in 218 patients and found no statistically significant difference in terms of pain experienced between anatomical quadrants. However, the results showed a trend toward less pain in the lower-left quadrant. Also, Doguizi et al. [17] investigated pain during intravitreal aflibercept injections in 119 patients and studied variables, including age, sex, indication for the injection, injection site by quadrant (ST or IT), position during injection (sitting or supine), number of previous intravitreal injections in the study eye, presence of DM or hypertension, and lens status (phakic or pseudophakic). They concluded that the pain showed no significant correlation with any of the recorded variables. In contrast, we found a statistically significant difference in terms of pain experienced between anatomical quadrants. We noticed more pain during injections in the ST quadrant and less pain during those in the SN quadrant. An uneven distribution of local anesthetic drug could be a simple explanation for this difference; however, tetracaine eye drops were delivered in the inferior cul-du-sac, and the highest concentration of the drug might not be at the SN quadrant. Additionally, patients were requested to close their eyes slowly, move the eyes, and avoid squeezing or rubbing to allow the medicine to be distributed equally over the eye. Nevertheless, the aspect of pooling of the drug despite ocular movements to dissipate it, remains a strong possibility especially in the supine position and when only two drops were used. The exact reasons for these differences in pain scores between four anatomical quadrants are unclear, and should be investigated in the future studies by mapping the sensory nerves of conjunctiva, episclera, and sclera in all quadrants within 3-4 mm from the limbus, which is the usual site for intravitreal injections.
According to previous studies [32, 33] , the stroma of conjunctiva has morphology similar to the end bulbs of Krause, and half of these bulblike compact nerve endings are found in the superior lateral quadrant of the bulbar conjunctiva, which may corroborate our finding. It should be mentioned that most of these structures lay in a narrow 1 mm wide annular zone of conjunctiva beginning approximately 0.5 mm from the corneoscleral margin, not close to the site of intravitreal injections [34] . It might have been interesting to have tested the conjunctival sensitivity in each quadrant for every patient using a standard technique.
Moisseiev et al. [16] argued that this trend reflects the technique used by the ophthalmologist who performed the injection, suggesting that less pain is felt when the ophthalmologist is manually comfortable. In our study, all injections were performed by the same surgeon, who was right-handed (similar to the previous study), and approaching the SN quadrant of the eyes with the needle was not convenient. Hence, our results do not support the theory that pain related to intravitreal injections is minimal when the ophthalmologist performing the procedure is most physically relaxed. However, given the awkwardness of the SN quadrant, which is the least-sensitive site, the risk of technique-related complications may be higher.
The mean VAS score in the present study was 2.86 ± 2.2. In general, this is relatively high compared to that observed in a previous study by Shiroma and associates [33] . This may be in part responsible for our reported correlations. The higher VAS scores may be due to the method of anesthesia -only two drops of tetracaine. In our study, perceived pain during intravitreal injection was mild (VAS scores between 5 and 44 mm, on a 0-100 mm scale) similar to that observed in a previous study [31] , Blaha et al. [19] reported a mean pain score of 2.8 in a topical tetracaine group. Andrade et al. [35] reported a pain score of 3.2 ± 1.7 for topical proparacaine patients. Thus, although the mean pain score in our study may be relatively higher than that in most previous studies, this is not surprising. It has been shown that the nerve density decreases with age, particularly past the age of 70, which suggests that older patients should experience less pain during intravitreal injection [36] . However, we found no association between pain severity during intravitreal injection and age. In our study, most subjects were younger than 70 years old, which may be one reason why we failed to find a significant correlation between age and pain score.
Rifkin and Schaal [30] demonstrated that females reported lower post-injection pain scores. To the contrary, Pieramici et al. [5] and Doguizi et al. [17] reported no statistically significant difference in pain scores between females and males. Contrary to previous studies, we found that sex was a significant contributor, such that females reported higher pain scores during IVB (p = 0.001) even after adjusted in multivariate regression analysis (Table 3) . Similarly, Haas et al. [37] reported higher VAS pain scores in females. They suggested that females are more sensitive than males to noxious stimuli and have lower levels of stress-induced analgesia. We think that the different pain scores between female and male patients may be related to educational and cultural differences, and may not be clinically important.
In the present study, a negative correlation was found between pain and the number of previous injections (p = 0.05) using univariate analysis. Since the p-value was <0.2, it was included into multivariate analysis, and remained a significant factor (p = 0.03, regression coefficient = −0.067). This may be partly related to the decrement of the patient's anxiety after multiple injections. In addition, Segal and associates [32] and Chen et al. [38] reported a significant relationship between pre-procedural anxiety and perceived pain in intravitreal injections. They concluded that decreased anxiety might lead to reduced pain and it might be beneficial to explore ways to reduce anxiety (like listening to classical music) during outpatient intravitreal injections.
In the present study, we did not find any correlation between pain scores and indication for injection (p = 0.16). Similarly, Doguizi et al. [17] , Moisseiev et al. [16] , and Rifkin and Schaal [30] did not find any significant difference in the pain scores between indications. It is well known that diabetes causes neural changes to the cornea; however, changes in the sclera are not well characterized [39, 40] . A pilot study by Cook et al. [41] demonstrated no association between scleral thickness and diabetes. Conversely, Zinkernagel et al. [42] showed that intravitreal injections might lead to scleral thinning when applied repeatedly in the same quadrant. In other words, in diabetic patients, corneal sensitivity may be reduced, but changes in scleral thickness and sensitivity are unclear. In our study, the majority of patients were diabetic, but both diabetic and non-diabetic patients needed multiple injections. We found no significant difference in pain scores between diabetic and non-diabetic patients.
The strong points of our study include a large sample size, a prospective and randomized design, and the evaluation of the influence of different diseases on pain severity. However, our study had some limitations, including the fact that it was conducted in a single hospital and relied on using VAS scoring, which is known to be subjective.
In conclusion, this study provides a description of the contribution of various factors to pain associated with intravitreal injection. Sex, injection site, and number of previous injections appear to significantly contribute to pain severity, independently. Since there are slight anatomical differences between quadrants, we assume that increased pain is associated with locations in which there are more compact nerve endings. Consequently, we suggest choosing the SN quadrant for intravitreal injection in patients who complain of previous painful intravitreal injection.
Summary
What was known before:
• Despite the common use of intravitreal injections, there are no uniform clinical guidelines or consensus on the site or quadrant location used for injection, which varies according to the surgeon's discretion.
What this study adds:
• This study showed that pain severity score was significantly associated with injection site, number of injections, and sex.
